1. Introduction {#sec1}
===============

Glucose homeostasis is required for control of insulin secretion from beta-pancreatic cells. This homeostasis is prepared by glucose, food, and various neurological or hormonal factors \[[@B1]\]. During diabetes mellitus, an increase in blood glucose is occurred due to a lack of insulin secretion or insulin dysfunction or both \[[@B2]\]. In diabetic patients, an increase in insulin secretion compensates for insulin resistance that leads to the decrease of the insulin-secreting cell activity resulting in decreased glucose tolerance. So, this alteration is the primary sign of disease onset. At this time, insulin-secreting cells do not respond well to many drugs such as sulfonylureas \[[@B3]\]. Also, long-term administration of these drugs can induce side effects as well as the reduced performance of these cells \[[@B1]\]. For this reason, several types of research studies have described that the long use of herbal medicines is better in terms of safety and efficacy than chemical drugs to treat various ailments \[[@B4]\]. Eugenol (4-allyl-2-methoxyphenol), as the main constituents of clove *Syzygium aromaticum* (L.), is a phenolic compound belonging to phenylpropanoids. This compound is also found in soy, beans, coffee, cinnamon, basil, bananas, bay leaves, and other foods. The antioxidant activity of these plants has been shown. In addition, the anti-inflammatory activity of *Syzygium aromaticum* is also known, which is associated with the effects of eugenol. Moreover, several other pharmacological activities of eugenol are antitumor, antibacterial, antifungal, antipyretic, anesthetic, and analgesic effects \[[@B5]\].

Because the rodents\' pancreatic Langerhans islets have less fibrosis and collagen than humans, they are easier to isolate and are used for research on the effects of hormones secreted by the pancreas \[[@B3]\]. Phenolic compounds have hypoglycemic activities via the inhibition of glucose transport, upregulatory activities of glucose uptake, improved glucose-stimulated insulin secretion (GSIS), or insulin secretion capacity \[[@B6]\]. Therefore, due to the importance of eugenol as a bioactive molecule and its presence in various foods and medicinal plants, the insulin secretion stimulating effects of this compound, and the lack of a study on the direct effect of this substance on insulin secretion from the islets of Langerhans, it was decided to investigate the effect of eugenol on the insulin secretion and content of pancreatic Langerhans islets from the male mouse.

2. Materials and Methods {#sec2}
========================

2.1. Animals {#sec2.1}
------------

In this experimental study, 3-month-old NMRI mice (20--25 g) were kept at a 12-hour light-dark cycle and 20°C ± 4°C temperature. The animals were treated in accordance with the principles and guidelines on animal care of Dezful University of Medical Sciences as reviewed by an ethics committee (IR.DUMS.REC.1398.021), as well as free access to tap water and commercial chow ad libitum.

2.2. Pancreatic Islets Isolation {#sec2.2}
--------------------------------

After anesthetizing the animals with ketamine (70 mg/kg)/xylazine (10 mg/kg) (Alfasan, Netherlands), the pancreas is removed and placed in a Petri dish containing Krebs-bicarbonate buffer solution (Merck, Germany). The separated pancreas is cut into 1 mm pieces, and the contents of the Petri dish are centrifuged at 100 × g for 5 min. In the next step, the surface of the centrifuged sample is separated, and the remaining contents are transferred to a 15 ml conical tube containing Krebs-bicarbonate buffer plus collagenase (1-2 mg/pancreas) (Roche, Germany) to separate the islets from the exocrine tissue. The incubation time was 15 min at 37°C. Then, 15 mL of cold Krebs-bicarbonate buffer was added to the tube to stop the digestion of collagenase and centrifuged at 500 × g for 5 min. Finally, the islets were transferred to a Petri dish and separated manually using a pipette under a stereomicroscope \[[@B7]\].

2.3. Insulin Secretion and Content of Isolated Islets of Langerhans {#sec2.3}
-------------------------------------------------------------------

The pancreatic Langerhans islets are transferred to 2 mL microtubes containing Krebs-bicarbonate buffer in addition to basal 2.8, moderate 6.5, and excitation 16.7 mM concentrations of glucose (Merck, Germany) \[[@B8]\]. Then, 50, 100, and 200 *µ*M of eugenol (Kemdent, United Kingdom) was added to the microtubes and incubated at 37ºC for 60 min \[[@B9]\]. After incubation, the samples were centrifuged at 100 × g for 5 min, and 0.9 mL of supernatant was removed and stored at −70ºC until insulin measurement was performed. A similar protocol is used to evaluate insulin content, except that 0.8 mM hydrochloric acid (HCl) (Merck, Germany) dissolved in ethanol 96% was added to the microtubes after 30 min, and the incubation period was 24 hours. Each microtube contains 7 islets, and the number of samples is repeated 6 times for each group \[[@B10]\].

2.4. Grouping of Islets {#sec2.4}
-----------------------

  Group 1: isolated islets receiving a concentration of 2.8 mM glucose  Group 2: isolated islets receiving a concentration of 2.8 mM of glucose plus eugenol 50 *µ*M  Group 3: isolated islets receiving a concentration of 2.8 mM glucose plus eugenol 100 *µ*M  Group 4: isolated islets receiving a concentration of 2.8 mM glucose plus eugenol 200 *µ*M  Group 5: isolated islets receiving a concentration of 5.6 mM glucose  Group 6: isolated islets receiving a concentration of 5.6 mM glucose plus eugenol 50 *µ*M  Group 7: isolated islets receiving a concentration of 5.6 mM glucose plus eugenol 100 *µ*M  Group 8: isolated islets receiving a concentration of 5.6 mM glucose plus eugenol 200 *µ*M  Group 9: isolated islets receiving a concentration of 16.7 mM glucose  Group 10: isolated islets receiving a concentration of 16.7 mM glucose plus eugenol 50 *µ*m  Group 11: isolated islets receiving a concentration of 16.7 mM glucose plus eugenol 100 *µ*m  Group 12: isolated islets receiving a concentration of 16.7 mM glucose plus eugenol 200 *µ*m

2.5. Measurement of Islet\'s Insulin Secreted and Content {#sec2.5}
---------------------------------------------------------

The insulin secreted and content of islet were evaluated using the ELISA assays method and a related commercial kit (Monobind, USA) (the sensitivity of hormone detection per assay tube was 0.182 *µ*IU/ml).

2.6. Statistical Analysis {#sec2.6}
-------------------------

Data were statistically analyzed using SPSS software (version 16) with one-way analysis of variance (ANOVA), followed by post hoc least significant difference (LSD) tests. All results were represented as mean ± standard error (SE), and differences were considered statistically significant at *P* \< 0.05.

3. Results {#sec3}
==========

3.1. Effects of Eugenol on Islet\'s Insulin Secretion {#sec3.1}
-----------------------------------------------------

Present results showed that eugenol 50, 100, and 200 *µ*M increased islet\'s insulin secretion in the medium containing glucose concentrations 2.8 and 16.7 mM (*P* \< 0.05, *P* \< 0.001, and *P* \< 0.01, respectively; Figures [1](#fig1){ref-type="fig"} and [2](#fig2){ref-type="fig"}). The same effect was observed in the medium containing glucose concentration 5.6 mM after eugenol 50, 100, and 200 *µ*M administrations (*P* \< 0.05, *P* \< 0.01, and *P* \< 0.001, respectively; [Figure 3](#fig3){ref-type="fig"}).

3.2. Effects of Eugenol on Islet\'s Insulin Content {#sec3.2}
---------------------------------------------------

Administration of eugenol 50, 100, and 200 *µ*M increased islet\'s insulin content in the 2.8 and 16.7 mM medium of glucose concentration (*P* \< 0.01, *P* \< 0.05, and *P* \< 0.001, respectively; Figures [4](#fig4){ref-type="fig"} and [5](#fig5){ref-type="fig"}). Also, a similar result appeared in the groups that received glucose at a concentration of 5.6 mM along with eugenol 50, 100, and 200 µM (*P* \< 0.05, *P* \< 0.01, and *P* \< 0.001, respectively; [Figure 6](#fig6){ref-type="fig"}).

4. Discussion {#sec4}
=============

The results of this study indicated that eugenol increased insulin secretion and content from isolated islets of Langerhans. Previous studies showed that eugenol has the antidiabetic effect in diabetic mice that exhibit this effect through inhibition of pancreatic alpha-amylase and the lipase enzyme activity \[[@B11]\]. Also, present data revealed a new antidiabetic function of eugenol, which was to increase the insulin secretion and content of the pancreatic islets. Based on the present study, many phenolic compounds such as epicatechin and quercetin increase GSIS from normal and oxidant-stressed *β*-cell or enhance regeneration of pancreatic *β*-cells and insulin release in diabetic rats \[[@B6], [@B12]\].

Flavonoids can modulate the release of insulin by changes in Ca^2+^ fluxes through L-type Ca^2+^ channels. It was demonstrated that quercetin and rutin increase insulin secretion from *β*-cells via the intracellular influx of Ca^2+^ by endoplasmic reticulum activating L-type Ca^2+^ channels. Moreover, kaempferol could increase ATP generation in *β*-cells and produce a transcriptional activation of insulin mediated by cyclic adenosine monophosphate (cAMP) signaling, and these processes lead to Ca^2+^ entering inside the cell, activate protein kinase C (PKC) isozymes, and exocytosis of insulin granule \[[@B6], [@B13], [@B14]\]. So, since eugenol is a phenolic compound, it can be suggested that a similar mechanism has been occurred to increase the insulin secretion and content of the isolated islet in the present study, but future research studies are required to clarify the exact mechanism of this event.

Pancreatic *β*-cells are susceptible to oxidative stress and free radicals due to their low activity of antioxidant defenses. The oxidative stress condition occurs during exposure of *β*-cells to low and high glucose concentrations that lead to low nicotinamide adenine dinucleotide phosphate (NADPH) or high advanced glycation end products (AGEs) production. Ultimately, these alterations could lead to the disruption of the GSIS in the isolated islets of Langerhans \[[@B15]\]. On the other hand, exogenous antioxidants such as phenolic compounds in different doses and physiologic conditions may have different effects. For example, low doses of carotenoids and polyphenols play an important role in many antioxidant mechanisms in living organisms, but high doses of these compounds may be toxic and act as a prooxidant \[[@B16]\]. So, the results of the present study indicated that eugenol had the greatest effect on GSIS in hypo- and hyperglycemic conditions at a dose of 100 *µ*M and led to the most increase in insulin secretion from the isolated Langerhans islets. Also, this effect may be occurred based on the dose-dependent function of phenolic compounds in hypo- and hyperglycemic conditions.

The release of insulin is pulsatile and rhythmic in nature \[[@B17]\]. The presence of glucose in isolated pancreatic islets medium showed a biphasic pattern of insulin release. The first phase develops rapidly by a burst of insulin secretion, and the second phase occurs followed by a sustained component. Pancreatic *β*-cells contain 2 pools of insulin secretory granules including a reserve pool and a readily releasable pool (RRP). It was revealed that RRP granules are released at the first phase of GSIS, and preparing a subsequent supply for new granules to contain insulin was performed in the second phase \[[@B18]\]. The second phase of pulsatile insulin secretion is related to the islet insulin content \[[@B19]\]. Hence, the insulin content in the medium of isolated islet is consisting of insulin secretion and amount or formation of insulin \[[@B20], [@B21]\]. Therefore, present results demonstrated that low dose and high dose of eugenol administration were more potent on insulin content of pancreatic islets in hypo- and hyperglycemic conditions, and it can be suggested that these doses of eugenol have more impact on the second phase of insulin release via mobilizing of subsequent supply for producing new granules that contain insulin.

Insulin pulsatility is disrupted during diabetes disease. Decrease of the first phase and low second phase insulin release is characteristic of type 2 diabetes mellitus (T2DM). Also, a decrease in the first phase of GSIS is found in the initial stage of T2DM and prediabetes condition that represents *β*-cells dysfunction, and the second phase of insulin release is destroyed following the progression of diabetes \[[@B22], [@B23]\]. Finally, this study showed that eugenol administration increased islet\'s insulin secretion and content due to positive effects on 2 phases of pulsatile insulin release. So, it can be suggested that eugenol 100 *µ*M was more potent for GSIS and early stage of T2DM, as well as eugenol 200 *µ*M for progression or the latest stage of this disease.

5. Conclusions {#sec5}
==============

In conclusion, eugenol as a phenolic compound increased insulin secretion and content of pancreatic islets. The moderate dose of this compound enhanced insulin secretion during hypo- and hyperglycemic conditions, as well as high dose of eugenol, increased insulin content. However, the insulin-releasing effect of eugenol was dose-dependent in the normoglycemic condition. Ultimately, present research suggested that the administration of eugenol 100 *µ*M was suitable for the early stage of T2DM as well as eugenol 200 *µ*M for the advanced stage of this disease.
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